In sperm-dependent sexual/asexual mating systems, male mate choice is critical for understanding the mechanisms behind apparent stability observed in natural populations. The gynogenetic Amazon molly (Poecilia formosa) requires sperm from sexual males (e.g. Poecilia latipinna) to trigger embryogenesis, but inheritance is strictly maternal. Consequently, males should try to avoid or reduce the cost of mating with asexuals. We investigated male mate choice by documenting the presence of sperm in natural populations and found that a higher proportion of sexual females had sperm than asexuals. In addition, among those females that had sperm, sexuals had more sperm than asexuals. Our results hint at a role for male mate choice as a stabilizing factor in such systems.
INTRODUCTION
Understanding the evolution and maintenance of sexual reproduction remains a major challenge in evolutionary biology (West et al. 1999) . Asexual, allfemale species produce twice as many daughters and thus should quickly outcompete sexuals in the short run (Maynard Smith 1978; Bell 1982; Barton & Charlesworth 1998) . Some asexual species, however, need to mate with males of heterospecific sexual species, the sperm of which triggers embryogenesis; this mechanism is called gynogenesis (Beukeboom & Vrijenhoek 1998; Schlupp 2005) . In our study system, a gynogenetic fish (Poecilia formosa) of hybrid origin relies on sperm from host males of the two parental species (Poecilia latipinna or Poecilia mexicana). Here, local extinction of the sexual species would also bring about the local extinction of the asexuals. How can such a sexual/asexual mating complex be stable?
Two main types of regulatory mechanisms have been proposed. Ecological disadvantages for asexuals could explain the stability of mixed sexual/asexual systems. One example would be the 'Red Queen hypothesis', which states that recombination produces genetically diverse offspring that are harder to target by pathogens than the clonal asexuals ( Van Valen 1973) . However, currently no evidence supports this explanation in P. latipinna and P. formosa as they do not differ significantly in parasite loads ( Tobler & Schlupp 2005) . Alternative to ecological disadvantages, the 'behavioural regulation hypothesis' assumes that male mate choice regulates the system (reviewed in Schlupp 2005) . In laboratory experiments, both P. latipinna and P. mexicana males have been shown to prefer mating with conspecifics (reviewed in Schlupp 2005) , and P. latipinna males prefer larger over smaller females regardless of species (Gumm & Gabor 2005) . Obviously, male rejection of heterospecific females would be adaptive and mating preferences for conspecifics are both predicted by theory and described in other sexual/asexual mating complexes (McKay 1971; Løyning & Kirkendall 1996; Engeler & Reyer 2001) . Previous laboratory studies were able to research male choice on the behavioural level, including differential sperm production (Aspbury & Gabor 2004) and sperm transfer (Schlupp & Plath 2005) , but so far studies investigating male choice under natural conditions have been missing.
We conducted a field study testing for male mate choice in mixed populations of P. latipinna and P. formosa. We compared the amount of sperm found in the genital tracts of sexual and asexual females as a proxy for male mate choice. Based on a recent metapopulation model, male mate choice and sperm limitation of asexuals are two factors predicted to drive such species complexes towards stability (Kokko et al. 2008) . Hence, this is the first study that links behavioural patterns observed in the laboratory with fitness-relevant sperm transfer in the wild.
MATERIAL AND METHODS
(a) Study populations Both species were collected at five sites in Texas (see the electronic supplementary material for locations) during five field trips in 2006 throughout their natural breeding season (March, June, July, August and September). They were kept at densities of 30-35 fishes in aerated Styrofoam coolers in approximately 5 l of water and transported to a nearby field laboratory for sperm analyses. We assessed the relative frequencies of mature males and females (sexual and asexual) during each field trip by conducting six standardized hauls using a standard seine (4 m long and 4 mm mesh width) and consistently covering the same area. For total frequencies for each month, please refer to the electronic supplementary material.
(b) Field experiment At the beginning of our study (all field sites in March and two sites in June) we kept females and males at an approximate ratio of 10 : 1 together in the same cooler for approximately 60-240 min. This was an unintended experiment, but it gave males and females an opportunity to mate after being captured (series 1). To avoid these matings and focus only on the matings that happened in nature, all subsequent sperm measurements were conducted on females that were separated from males upon capture (series 2). (d) Statistical analyses All tests were calculated separately for series-1 and series-2 sampling times using SPSS 11 (SPSS, Inc. 2002) . In series 1, the frequency of females with sperm was compared between both types of females using logistic regression. In series 2, 'time of sampling' (as proxy for time of year) was included as another factor. To test for differences between species in amount of sperm flushed out, females without sperm in their genital tract were excluded from the analysis. Because data were not normally distributed even after attempting transformation, non-parametric U-tests were employed. Female standard length was compared between species using t-tests.
(e) Validation of the technique
To test for bias in the applied sperm-retrieval technique between types of females, a laboratory experiment was conducted; we found no differences (see the electronic supplementary material).
RESULTS (a) Mate choice and sperm transfer with males in the coolers
After being transferred from field sites to the laboratory together with males, a significantly higher proportion of sexual females had sperm in their genital tract (table 1; figure 1). Among those females that had sperm, P. latipinna females (total sperm, median: 783 333.5, IQR: 175 000, NZ30) had significantly more sperm than P. formosa (median: 66 667, IQR: 141 667.3, NZ28, U 56 Z208.500, p!0.001), although P. formosa were on average larger (P. latipinna: 41.75G 9.71 mm (meanGs.d.), NZ51; P. formosa: 45.94G 8.97 mm, NZ72; t 121 ZK2.473, pZ0.015).
(b) Mate choice and sperm transfer under natural conditions A significantly higher proportion of P. latipinna females had sperm in their genital tract than P. formosa when no males were in the coolers (table 1; figure 1). Time of year (time of sampling) also had a significant influence on the proportion of females with sperm (table 1; figure 2): during June 10.7G6.0% (meanG s.e.) of P. formosa had sperm, this number increased to 20.7G5.4% in July, but then dropped to 2.3G2.3 and 3.6G2.5% in August and September, respectively. In June 66.7G11.4% of P. latipinna had sperm, which decreased to 26.3G7.2, 10.5G7.2 and 8.9G4.3% in July, August and September, respectively (figure 2).
Among those females that had sperm in their genital tract, no significant difference was found between species in the total number of sperm retrieved (P. latipinna: median: 216 666.5, IQR: 800 000, NZ36; P. formosa: median: 83 333, IQR: 107 666.5, NZ21, U 55 Z179.500; pZ0.101). Again, P. formosa were larger (P. latipinna: 39.78G7.40 mm, NZ120; P. formosa: 42.69G7.79 mm, NZ185; t 303 Z3.202; pZ0.002).
(c) Species and sex ratio Throughout our study, P. formosa was always the more common species. In addition, female P. latipinna Sperm allocation in Amazon mollies R. Riesch et al. 267 outnumbered males (figure 2). However, an interesting shift occurred in August/September because males became disproportionally rare, while the ratio of female P. latipinna to P. formosa remained largely unchanged (figure 2).
DISCUSSION
Our study resulted in two main findings. First, a higher proportion of P. latipinna than P. formosa had sperm in their genital tracts. This was true for series 1, in which matings were possible inside coolers, and, most importantly, also for series 2 where sperm transfer under natural conditions could be determined. Second, sexual P. latipinna had more sperm under all conditions (although not always statistically significant), even when males became exceedingly rare towards the end of the breeding season. These results are consistent with the predictions of a recent metapopulation model on the stability of this sexual/asexual mating complex (Kokko et al. 2008) . Furthermore, our results are in agreement with behavioural studies in several other asexual/sexual mating systems, where males prefer sexual females over asexual females in the laboratory (reviewed in Schlupp 2005) . Also, by interpreting pregnancy rates, asexual Poeciliopsis monacha-lucida were found to lack sperm more often than sexual P. lucida (McKay 1971). However, very few studies have directly looked at the role of sperm (but see Aspbury & Gabor (2004) and Schlupp & Plath (2005) ).
We also found several other interesting patterns: P. formosa was more common than P. latipinna, and Amazon molly females were larger than their sexual counterparts during all field trips. Since under laboratory conditions P. latipinna males prefer larger females to smaller ones (Gumm & Gabor 2005) , wild males apparently prefer to mate with P. latipinna females despite their smaller body size. These patterns are consistent with male mate choice operating in this system under natural conditions, and allow male mate choice to contribute to the stable coexistence of sexual and asexual forms by reducing fitness of P. formosa. However, we cannot rule out that other factors, like e.g. female competition for mating, play a role here (reviewed in Schlupp 2005) . Hubbs (1964) found that wild-caught P. formosa and P. latipinna females produce approximately the same number of eggs, but a higher proportion of these actually develop into embryos in P. latipinna. Theoretically, this difference in fecundity (i.e. number of developing embryos) could be explained by two scenarios: besides sperm limitation, lower fecundity in P. formosa could also be driven by other mechanisms, like developmental instability due to the accumulation of deleterious mutations in clonal, non-recombining asexuals (sensu Muller 1964 ). However, fecundity (i.e. number of offspring per female) of laboratoryreared P. formosa does not differ from that of equalsized P. latipinna ( I. Schlupp, A. Taebel-Hellwig & M. Tobler 2008, unpublished data) , which further suggests that sperm limitation in nature due to male mate choice plays a substantial role in stability of this sexual/asexual mating complex.
The proportion of females with sperm fluctuated over the summer and decreased towards the end of the season in both species. Interestingly, the ratio of female P. latipinna to P. formosa did not change much in our study. Males, however, became proportionally rarer during the course of the breeding season. It has been suggested that male choice is negatively frequency dependent in this and other sexual/asexual mating systems (reviewed in Schlupp 2005) , with males preferring the rare species and discriminating against asexuals only when conspecific females are rare. This question has been addressed in another poeciliid, Poeciliopsis, where several studies demonstrated that mating success of asexuals was inversely correlated with density (e.g. Moore & McKay 1971; Stenseth et al. 1985 ; but see Keegan-Rogers & Schultz 1988) . Our data, however, do not support negative frequency dependence of male mate choice, since P. formosa was always the more common species. Rather our data mirror Løyning & Kirkendall's (1996) findings in the bark beetle Ips acuminatus, where males generally discriminate less when the ratio of males to females decreases.
In summary, compared with their sexual counterparts, only a small proportion of P. formosa successfully acquires sperm in syntopic populations. Furthermore, they most likely also receive less sperm than P. latipinna. Regardless of how much sperm is really needed to fertilize a whole clutch, this strongly suggests that wild P. formosa are sperm limited and underscores the role of male mate choice as a stabilizing factor in this system (see also Kokko et al. 2008) . However, more research is needed to investigate how male mate choice influences life-history characteristics in this and other sexual/asexual mating complexes.
